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ATRFOIL SECTION WITH A DOUBLE SLOTTED FLAP

By Seymour M. Bogilonoff -
SUMMARY

Tests of a 0.309-chord double-~-slotted flap on an NACA
65,3-118, a = 1.0 airfoll section bave been made in the NACA
two-dimensional low-turbulence tunnel and the NACA two-
dimensionsl low-turbulence pressure tunnel. The purpose of
the investigation was to determine the 1ift, dreg, end pitching-
moment characteristics for a range of flap deflectlons. The
results indicate +that the combination of a iow-drag airfoll
and a double-slotted flap of which the two parts moved as a
slngle unit gave higher maximm 1ift coefficlents than have
been obteined with plaln , eplit, or slotted flaps on low-
drag alri'oils. The maximm lift coefficients were almost as
high es those obtained on conventiomal airfolls of about the
same thicknees with 0.40-chord venetlan-blind and double-slotted
fleps. The pitching moments were comparable to those oblalned

with other high 1ift devices on conventional alrfolls for
similar 1ift coefiicleants.

INTRODUCTION

The NACA has for some time been 1nvestigating alrfolls
equipped wlth high 1ift devices for the purpose of lmproving
the performane characteristics of these airfolls. The results
of tests of low-drag alrfoils equipped wilth plain, split,
or slotted flape have been presented in reference l. The
results of referencec 2 and 3 show that, on conventional air-
foils, the highest 1lifts have been obtained with large-chord
venetlian-blind and double-slotted flaps. The present inves-
tigation was made to determine the 1ift, drag, and pitching-
moment characteristice of a low-drag alrfoll with a double-
glotted flap at verious flap deflections. In addition, the
optimum position for maximm lift and the flap path were to
be found,




.MODEL

The elrfoil section tested, on FACA 65,3-118, a = 1.0 section,
wag equipped. with a 0.309-chioré double-slotted fla.n. The wing
acdel, bullt of wood and reinforced with steel rodi, bad a 2i-inch
chord and was painted =2nd s~ndel to produce aerodyn~mically smooth
surfaces. The alifoll ordinates are presented in toble I and a
gketch of the mcdel is shown In Tlgure 1.

The double-slotted flep wos mede of aluminun and consisted of
two prts. The forward portlion, designated the fore flap, was
separ-ted from the maln part, deslgnated the rear flap, by a
secondary slot. THie ordina.tea for the fore Tlap end reer flap are
presented. in tuble IT. The double-slcted flap operated as e single
unit, with no relative mction between tiie Tore flap end the reer flap.
The cmersting mechanisan :nd construction was sinllaxr to thet of an
oréinary slotted flap. The lrng lower lip completely clcsed all gaps
an-. 1lot.s when the Z:uble-nlcottel. flap was retracted. The flap
errangetent and pivos noi*xts are showvn in Tigure 1 for tae flcp
retracted and deflected 65°. The contour of the alrfoil cut-out may
te cbteined by following the flup cutline zlong the flap path.

TEST PROCEIUREY

Tosta were made cf the mosel in the NACA two-dimensicnal low-
tartulence tunmel zni the NACA two-dimensionsl low-turbulence pressure
tunnel. DSection lir% coef’icients were cbtzined by reasurement of the
1ift rea.ct:l_on on the flcor and ceilins, of the tvunnel, and secilon
drng coefTlcients were obtainsed by the wake-=swivey methoa. No drag
measurements were mede Ffor flap feflactions Op above 35° because

of consicderuble spenwise varlstion of “rag. Pitching-mcment coeffl-~
ciento cmc,’;_,_ were mezsured by nelaer of a cxlibrated torgue rod and

were teken about the quarter-cho.rd point of the airfoil.

1At the time this weport was originally published, some of the
corrections required for refucing the test cuta to free=-air conditions
haé nct been determinei. The values oi secticn lift ccefficient )

(figs. 2 to 5) shculéd be correcied by the equation

= 0-96501 + 0-03301%

L' .
L (ccrrected) ==1°

wihers cy 1s the uncorrected. secticn 1if+t conefficlent a2t section

=-1°
apgle of atiack of -1°.
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Treliminary teats were made to determine the best position of
the fore flap relative to the reer Tlap on the basis of maximm

- sectlon Lift coefficlemt. Clpay. Obtained at & flap deflection

of 65°. Taia survey of Fore~flap position was limited to those

" poaeitions - -at which the fiap could be retracted without having the

fore flap protrude heyond the alifoll surface. The rear flap and
fore flap were then fixed in the bhest »slative position and the
procedure was repeated for the wmit: The flap path was so chosen
that, at 45° deflection, the flap was in a position at which both
slots were offective and, at 65° deflection, the flap was in &
position at which maximum 1ift was reached. One plvot polnt was
used for flap deflecticne up to 45°; whereas another pivot point
was used for deflections fvom 45° to 65°. (See £ig. 1.)

Lift, drag, and pliching monwnts were cbtalned for flap
deflections rauging from 0° to 65”. Lift and drag data were ubtailned
at a Reynolds number cf 6 »000,000 and pitching-moment data were
obtained at a Reynolde mumber o %,5C0,000. Scale effect on maximm
1lift was found for a range of Reynoids mumbers from 4,000,000
to 9,000,000. .

FESULTS AND DISCUSSION

The results of the flap-position survey of the double-slotted
flup for the flap positlon that weuld give maximun 1ift are presented.
in filgure 2. Sectlon 1lift characteristics for the comblnatiosn with
the flap deflected through a rengo of angles From O° to 65° are
presenied in figure 3 for a Reynolds nwdber of approximetely 6,000,000.
The maximm section 1ift coefficiunt obtrined was 3.10 at a flap
deflection of G5°, at vwhich an lucrement In mavimum 1ift coefficient
of about 1.79 wes obtalaned. Complete data for only one double-
slotted flap are presented, but previovs unpublished tests have
shown that a decrease in chord of ‘ths fore flap gave a decrease in
the maximum 11ft obtalnable. The scale effect on maximum 1ift coeffl-
clent was found to be negligible over the range of Reynolde numbers
tested. The small jogs in the 1ift curves, which appear for the 0°
end 10° flap deflecticns, do not occur at the higker deflecticns.

Section drag characteristics for the combination for flap
deflections from 0° to 35° are presented in figure 4. These teésts
were run at a Reynolds number of :pproximately 6,000,000. For the
flap retracted and deflected 109, fairly low drag coefficients are
obtainable over a range of 11Pt ccefficlents from about =0.2 to 0.8,
vhich includes the normal high-speed and oruising-flight conditions.
The relatively low drag obteined for the 35° deflection ias probably




duye to the establishlment of smooth flow through the main slot.
At a flap. deflection of 35°, a section lift-drag of a.PPrq::imately
170 may be obtained at a 1lift coefficleat of about 1.6,

For deflections above 35° no drag measurements were taken,
but visual observation of the wake-survey manocmeter indicated
that the drage were not excessive. The high lifts with com-
paratively low drags are the result of unstalled flows over the
Tlep, as was indicated by tuft surveys which ghowed no separ-
ation of the flow over the flap up to a deflection of 65°,

Sectlon pltching-moment characteristics for the airioll-
flap combiuation for all rlap deflectlions tested ars niesented in
figure 5. Allhough pltching-momen: coefficlents were measured
at a Reynolds number or 4,500,000, little change in these char-
acteristics 1s exwected for other Re:.olds numburs because -
previocus tests of slotted fla'y on lov-drag wings (reference 1)
have shown that, for liits below maxirum, scale efrect on
pitching moments 1s very small.

The double-slotted flep tested gave a 1lift coefficlent
higher than those obtained on the low-drag airfoils with plain,
gplit, or slotted flaps reported in reference l. Ths 0.309-

_ chord double-slotted flap tested on an 18-percent-thick low-
drag alrfoll gave lifts almost as high as the lifts obtained

on conventional 12- and 2l-percent-thick alrfoils with 0.40-
chord venetian blind and dcuble-slotted flaps (references 2

and 3). The increment in meximum 1if; was 1.79 for the low-
drag airfoll and approximately 2.00 for the conventlonel airfolls,
With the flap retracted, the double-slotted flap tested gave
plain-wing section drag coefflcisats without the need of folding
' doors to close gaps and slots. Tue pitching moments shown in
figure 5 are of about the same magnitude as pitching moments
obtained for the O.40-chord venetian-blind and the double-
slotted flaps of references 2 and 3,

COFCLUSIONS

From the results of the tests of a 0.309-chord double-
slottéd flap on an NACA 65,3-118, a = 1.0 airfoil, the
following conclusions were reached:

1. The.double-slotted flap tested gave 1lift coeffi-
clents higher than' those that have beon obtained on RACA




low-drag eirfolls with plein, split, or slottec‘ flaps and did not i
e.f.[’ect the low-drag cLa.ra.cteristics of t.he wlng with the flap returacted.

2. The combinativn tested also offered low drag snd moderate -
1ift for the crulsing condlition and fairly low drag and high 1ift
for take-off and climb conditions.

3+ The 1ift coefficlents obtained with the 0.309-chord double-
slotted flap were almost as high as those obtained with larger-chord
venetian-blind and double-slotted flaps on conveational alrfoils of
approximately the same thickness as the low-drag airfoil tested.

. The high 1ift coefficients obtailned with the 0.309-chord
double-slotted flup wire accompanied by high pltching moments, which
were comparable to thrse obtained wlth other high 1lift devlces
glving similer maximu 1ift coefficienta.

Langley Memorial Aeronitical Leboratery,
Ne.tlonal Advisory Committee fcr Aeronoutics,
Langley Fileld, Va.
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TABLE I

ORDINATES F(R THE NACA 65,3-118, a = 1.0, ATRFOIL

[Station and ordirates in percent of airfoil chord)

Upper surface Lower surface
Station Ordinate Station Ordinate
-0 0 0 0

Julh 1.348 556 -1.,298

.638 1.633 812 -1.563

1,180 2.057 1.320 -1.949
2.h21 2.820 2.579 -2,634
4,910 3,938 5,090 -3.672
T.406 L .gl2 7.59% -4,1488
9.605 5.681 ° 15.dc5 -5,165
14.909 6.903 15,091 -6.231
19.918 7.832 20,082 -7.036
24,929 8.5u41 25,071 -7.645
29,942 9.054 30.058 -8.082
34,956 9.383 35.044 -8.353
39.971 9.526 10,029 -8,454
ki 986 9,46k L5.01k% -8.368
50,000 9.145 50.000 -8.041
55.013 8.593 =L, 987 -7.497
60,024 7.853 59.976 -6.761
65.032 6.965 64,968 -5.935
T0.037 5.972 ° 69.963 -5.000
75.039 4,90k Th.961 -4.008
&)-037 307% 790963 '2'992
85.032 2,661 84.968" -1.989
90.023 1.582 89.977 -1.066
85,012 .650 94,988 -..33h
100,000 .0 100,000 0

Leading edge radius = 1,92

Slope = 0,042




TABLE IT

CRDINATES FOR A O.309-CHORD DOUBLE-SLOTTED FLAP ON

AN NACA65,3-118, a = 1.0 ATIRFOIL

[stetion and ordinates in percent of airfoil chord)

Fore flap

Reer flap
Station Uppar Lovwer Station Upper Lower
gurface | surface surface surface
69.033 =3.125 | =emmee- 754563 | -1.250 | ==--m=-
869,10k =3.542 | e 75.833 | -.104% | 2,292
69.167 -2.417 | -3.729 76.250 «500 -2.729
69.375 -1.792 | -4.10L4 77.033 1.167 -3.146
69.583 -1.458 | -4.333 78,125 1.771 -3.250
70,000 -.708 | -k.500 79.167 2.188 -3.167
70.833 188 | -4.438 81.250 2,583 -2.729
72.083 1,050 | -2,708 83.332 2.583 -2,292
73.333 1.604 .292 85.417 2.425 -1.867
7h.583 | 1.958 | 1.438 87.500 2,104 -1.L67
75.208 2.125 1.771 ©0,023 1.582 -1,058
75.833 2,250 2,042 95,012 .650 -.334
76.458 2.375 2,292 100,000 0 0
76.875 2.438 | 2.7

8Reference point for
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Plgure 1,- Detsils of a 0.309c double-slotted flap on an NACA 65,3~118, 0° to 45° deflection

a = 1.0 airfoil,. Dimensions in fraction of chord.
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Pigure 3,- Sectlon 1ift characteristics of an NACA 65,3=118, a = 1,0 airfoll with a
0.309c double-slotted flap at verious deflections; R, 6,000,000 (aprroximately).
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Figure L.- Section drag characteristics of an NACA 65,3-118, a = 1.0 airfoil with a 0.309¢
double-slotted flap at four deflections; R, 6,000,000 (approximately). Tests, T™T 399, 435.
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Flgure 5.- Pitching-moment characteristics of an NACA 65,3-118, a = 1,0 airfoll witn
a 0,309c double-slotted flap at varlous deflections; R, 4,500,000 (approximately).
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